Introduction
Increasing atmospheric carbon dioxide (CO 2 ) concentrations, resulting from anthropogenic perturbation of the global carbon cycle, are altering the Earth's climate. The strength of feedbacks between a changing climate and future CO 2 concentrations are highly uncertain and difficult to predict using Earth System Models (ESMs). To reduce the range of uncertainty in climate predictions, model representation of feedbacks must be improved through comparisons with contemporary observations. In this study, we analyzed emissions-driven simulations for historical and future periods (Representative Concentration Pathway or RCP 8.5 for 2006-2100) produced by 13 ESMs for the Fifth Phase of the Coupled Model Intercomparison Project (CMIP5). We exploited a linear relationship found between the magnitude of contemporary and future atmospheric CO 2 levels to create a contemporary CO 2 tuned model (CCTM) estimate of the trajectory for the 21 st century. This approach reduced the spread of future atmospheric CO 2 projections by a factor of 6.4 at 2060 and yielded radiative forcing and temperature increases during the 21 st century that were lower than the multi-model mean. 
Description of Models
AVIM1.0 (T42) MOM4 L40 (tripolar, 1 • × (1- 1 3 ) • , L40) SIS (tripolar, 1 • × (1- 1 3 ) • , L40) BCC-CSM1.1(m) (Wu et al., submitted) Beijing Climate Center, China Meteo- rological Administration, CHINA AGCM2.1 (T42L26) AVIM1.0 (T42) MOM4 L40 (tripolar, 1 • × (1- 1 3 ) • , L40) SIS (tripolar, 1 • × (1- 1 3 ) • , L40)
Observations and Calculations
• We used an observationally based estimate of anthropogenic CO 2 uptake by the ocean, produced by Khatiwala et al. (2009 Khatiwala et al. ( , 2012 ) using a Green's function model for ocean tracer transport, in combination with observed atmospheric CO 2 and fossil fuel emission estimates to assess model biases in carbon accumulation in the atmosphere, ocean, and land reservoirs. • We adopted a strategy similar to that of Hall and Qu (2006) to constrain future trends in atmospheric CO 2 using contemporary observations to create the CCTM.
• We employed an impulse response function to estimate temperature changes based on time-integrated changes in radiative forcing to evaluate the implications of model CO 2 biases. 
Contemporary Biases in Atmospheric CO

Causes and Implications of the Contemporary Bias
• A key driver of the persistent high bias was weak ocean carbon uptake exhibited by the majority of ESMs.
• The high atmospheric CO 2 bias for the multi-model mean produced radiative forcing that was too large and, consequently, an unrealistically high temperature increase during the historical period.
• We will see that the atmospheric CO 2 bias persists into the future, causing large and divergent model projections during the 21 st century. 
Comparison with
Implications of a Persistent CO 2 Bias
Projections for Individual CMIP5 Models 
Discussions and Conclusions
• Many of the processes that contribute to contemporary carbon cycle biases persist over decadal timescales.
• Terrestrial and ocean carbon accumulation compensated for one another within individual models (R = −0.88), reducing the bias in predicted atmospheric CO 2 .
• The CCTM estimates of atmospheric CO 2 were 21 ppm lower than the multi-model mean in 2060 and 37 ppm lower at 2100, suggesting that stabilization targets may be unnecessarily low.
• The CCTM estimate reduced the spread of atmospheric CO 2 predicts by a factor of 6.4 at 2060.
• Community-based model benchmarking (e.g., ILAMB) and model tuning could reduce biases and decrease multi-model spread of future predictions.
